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FIG. 1 



(54) Bonded wafer structure having a buried insulator layer. 



(57) A wafer structure and a method of making the 
same, upon which semiconductor devices may 
be formed, comprises first and second wafers. 
The first wafer (20) comprises a first substrate 
(24) having a thin oxide layer (26a) formed on a 
bottom surface thereof; the said first substrate 
having a characteristic thermal expansion coef- 
ficient. The second wafer (22) comprises a sec- 
ond substrate (28) having an insulation layer 
(30) formed on a top surface thereof, the insu- 
lation layer having a characteristic thermal 
expansion coefficient substantially matched 
with the characteristic thermal expansion coef- 
ficient of the first substrate and further having a 
high thermal conductivity. The second wafer 
further comprises a thin oxide layer (26b) for- 
med on a top surface of the insulation layer, 
wherein the first thin oxide layer of the first 
wafer is bonded to the second thin oxide layer 
of the second wafer, to form a typical bonded 
wafer structure (10) that can be advantageously 
used in the fabrication of high speed high 
density integrated circuits. 
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The present invention relates to wafer structures 
and a method of making the same. More particularly, 
the invention relates to a wafer structure containing 
an insulation layer. 

Wafer structures having a "buried insulation" lay- 
er are particularly useful for semiconductor devices 
made via a BiCMOS process. The BiCMOS process 
is an integrated circuit processing technology which 
allows bipolar transistors to be formed within sub- 
strate wells containing complementary metal-oxide 
semiconductor (CMOS) transistors. An example of a 
BiCMOS semiconductor device is one in which "pow- 
er-hungry" emitter coupled logic (ECL) bipolar circuits 
are used on a sflicon-on-insulator (SOI) structure. 
The ECL circuits act as logic elements and bipolar 
drivers. One disadvantage of these ECL circuits is 
that they produce sufficient heat that the generated 
heat becomes trapped and gives rise to temperatures 
unacceptable for normal device operation. 

In addition to temperature sensitivity, silicon de- 
vices are sensitive to radiation (e.g., _-radiation and 
cosmic radiation). In order to decrease the radiation 
sensitivity of the silicon device, the collection volume 
of the device has to be reduced for hole/electron pairs 
generated by the radiation impact along the radiation 
path. The collection volume can be reduced by incor- 
porating a "buried insulation" layer in the silicon de- 
vice structure. 

Recently, the technology for forming "buried in- 
sulation" layers has advanced to the stage of manu- 
facturing quantities. In particular, thermally grown 
Si0 2 is used as the buried insulation layer. Bonding 
two oxide grown wafers can be achieved at an elevat- 
ed temperature (900 to 1100°C) whereby the two ox- 
ide layers become a single oxide layer. The excess sil- 
icon on the device wafer is then removed, first by 
grinding, then by lapping, and finally by chem.-mech. 
polishing. On the commercial market 2\im thick sili- 
con above a buried SOOOAthick Si0 2 oxide layer Is ob- 
tainable, for example, from Shin-Etsu Handotai 
(S.E.H.) of Tokyo, Japan. 

A buried isolation layer of thick thermal Si0 2 ox- 
ide (5000A) can also be used for reducing heat build- 
up of the ECL circuits on an SOI structure, if a heat 
conducting path is provided. The use of thermally 
grown SiO^ by itself, has disadvantages. For in- 
stance, the thermal resistance of the oxide is a func- 
tion of thickness. The thermal resistance of the oxide 
layer can be minimized by making the layer thin, how- 
ever, this would result in undesired increased capac- 
itance effects. In addition, the thermal expansion 
coefficient of Si0 2 (5X1 0~ 7 C~ 1 ) is not well matched 
with the thermal expansion coefficient of silicon 
(32X1 0- 7 C- 1 ). 

An alternative method for keeping a device cool 
is to incorporate a polycrystalline diamond layer with- 
in the semiconductor device structure as shown in 
US-A-4981818 entitled "Polycrystalline CVD Dia- 



mond Substrate For Single Crystal Epitaxial Growth 
Of Semiconductors" and granted Jan. 1, 1991 to An- , 
thony et al.. In the '818 patent, a chemical vapor de- 
posited (CVD) diamond layer is formed on a single 
5 crystal of silicon. During the deposition of the dia- 
mond layer, an intermediate layer of single crystal SiC 
forms between the single crystal of silicon and the 
polycrystalline CVD diamond layer. The silicon is then 
completely removed, via etching, to reveal the SiC 

10 layer supported on the polycrystalline CVD diamond 
layer. A semiconductor layer is thereafter epitaxially 
grown on the exposed single crystal of SiC. A single 
crystal semiconductor polycrystalline CVD diamond 
mounted device structure is thus produced. 

15 A device produced via the teaching of the '818 

patent, however, has disadvantages. For instance, 
the crystal quality of the semiconductor grown epitax- 
ially on the SiC is subject to defects, such as, lattice 
mismatch. In addition, the CVD diamond layer be- 

20 comes the support substrate for the semiconductor 
device, thus, necessitating a relatively thick CVD di- 
amond layer. Furthermore, since the diamond sub- 
strate of the '818 patent is exposed, any subsequent 
device fabrication steps of high temperature, high en- 

25 ergy processes in oxygen (such as oxidation, plasma 
ashing, etc.) will attack the substrate. Therefore, it is 
very difficult to perform process steps with the '818 
diamond substrate for processes, such as, isolation 
trench formation, field isolation, and resist stripping. 

do It would thus be desirable to provide a wafer 

structure having a buried insulation layer which is free 
of the above identified problems. Such a structure 
should also provide a substrate which is substantially 
free of lattice mismatch defects and further provide 

35 optimal thermal dissipation. Still further, such a struc- 
ture should be suitable for isolation trench formation. 

According to the invention, a wafer structure hav- 
ing a buried insulation layer, upon which semiconduc- 
tor structures may subsequently be formed, compris- 

40 es first and second wafers. The first wafer comprises 
a first substrate having a thin oxide layer formed on 
a bottom surface thereof, the first substrate having a 
characteristic thermal expansion coefficient The 
second wafer comprises a second substrate having 

45 an insulation layer formed on a top surface thereof, 
the insulation layer having a characteristic thermal 
expansion coefficient substantially matched with the 
characteristic thermal expansion coefficient of the 
first substrate and further having a high thermal con- 
50 ductivity. The second wafer further comprises a thin 
oxide layer formed on a top surface of the insulation 
layer. The first thin oxide layer of the first wafer is 
bonded to the second thin oxide layer of the second 
wafer. 

55 Also, according to the present invention, a meth- 

od of making a wafer structure having a buried insu- 
lation layer upon which semiconductor structures 
may subsequently be formed, comprises the steps of: 
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a) forming a first thin oxide layer on a bottom sur- 
face of a first substrate, the first substrate having 
a characteristic thermal expansion coefficient; 

b) forming an insulation layer on a top surface of 5 
a second substrate, the insulation layer having a 
characteristic thermal expansion coefficient sub- 
stantially matched with the characteristic thermal 
expansion coefficient of the first substrate and 
further having a high thermal conductivity; 10 

c) forming a second thin oxide layer on a top sur- 
face of the insulation layer; and 

d) bonding the first thin oxide layer to the second 
thin oxide layer. 

The foregoing and other structures and teachings 15 
of the present invention will become more apparent 
upon a detailed description of the best mode for car- 
rying out the invention as rendered below. In the de- 
scription to follow, reference will be made to the ac- 
companying drawings, in which: 20 
FIG. 1a and 1b are cross-sectional views of a first 
wafer and a second wafer, respectively, at a proc- 
essing step in accordance with a preferred em- 
bodiment of the present invention; 
FIG. 2 is a cross-sectional view of the wafer 25 
structure according to the invention at a process- 
ing step subsequent to that shown by FIG. 1a. 
and 1b.; 

FIG. 3 is a cross-sectional view of the wafer 
structure according to a preferred embodiment of 30 
the present invention; 

FIG. 4a and 4b are cross-sectional views of a first 
wafer and a second wafer, respectively, at a proc- 
essing step in accordance with an alternate em- 
bodiment of the present invention; 35 
FIG. 5 is a cross-sectional view of the wafer 
structure according to the invention at a process- 
ing step subsequent to that shown by FIG. 4a. 
and 4b.; 

FIG. 6 is a cross-sectional view of the wafer 40 
structure according to an alternate embodiment 
of the present invention; 

FIG. 7 is a cross-sectional view of the wafer 
structure of the present invention at a processing 
step for isolation trench formation; 45 
FIG. 8 is a cross-sectional view of the wafer 
structure of the present invention at a processing 
step subsequent to that shown by FIG. 7; 
FIG. 9 is a cross-sectional view of the wafer 
structure of the present invention at a processing so 
step subsequent to that shown by FIG. 8; and 
FIG. 10 is a cross-sectional view of the wafer 
structure of the present invention at a processing 
step subsequent to that shown by FIG. 9. 
Referring now to Figs. 1 a and 1 b, a bonded wafer 55 
structure 10 according to the present invention com- 
prises a first primary wafer 20 and a secondary han- 
dle wafer 22. Primary wafer 20 comprises a substrate 
24 having an oxide layer 26a formed on a bottom sur- 



face thereof. Substrate 24 preferably comprises an 
original silicon substrate having a thickness on the or- 
der of 100- 650um. The original silicon substrate has 
a thermal expansion coefficient equal to approxi- 
mately 32X10- 7 C-\ Additionally, the original silicon 
substrate has very low defect density. While sub- 
strate 24 has been described with reference to silicon, 
it should be known that, alternatively, substrate 24 
can comprise an original germanium substrate. 

Oxide layer 26a comprises a thin oxide layer hav- 
ing a thickness in the range of approximately 1-50 
nm. Oxide layer 26a can be formed via conventional 
oxidation techniques whereby both top and bottom 
surfaces of substrate 24 can be oxidized or just one 
surface (only the bottom surface is discussed herein 
for simplicity). Preferably, oxide layer 26a comprises 
a silicon oxide layer of 250 nm in thickness, for in- 
stance, silicon dioxide (Si0 2 ). and is thermally grown 
in an oxygen ambient at approximately 800C°. Alter- 
natively, oxide layer 26a. may comprise a pryolytically 
deposited, CVD oxide, or evaporate oxide, thus upon 
substrate 24, eliminating silicon consumption. 

Secondary handle wafer 22 comprises a second 
substrate 28 having an insulation layer 30 formed on 
a top surface thereof. Substrate 26 preferably com- 
prises an original silicon substrate having a thickness 
on the order of 100- 650Kim. Substrate 28 may like- 
wise comprise an original germanium substrate. On a 
top surface of substrate 28 is formed an insulation 
layer 30. Insulation layer 30 can comprise a diamond 
insulation layer having a thickness in the range of 
0.01 to 1.0 um. Preferably, insulation layer 30 is a 
chemical vapor deposited (CVD) diamond layer hav- 
ing a thickness of 0.5*im. CVD methods are well 
known in the art and therefore not discussed herein. 
CVD formation of diamond onto a substrate provides 
a slow deposition rate for providing a relatively uni- 
form surface. The surface of the diamond layer does 
however contain bumps due to the crystal growth of 
the diamond. Diamond use is advantageous since di- 
amond has a thermal coefficient of expansion equal 
to I8XIO- 7 C- 1 which substantially matches and is 
similar to that of silicon (32X1 0~ 7 C- 1 ). This is in com- 
parison to that of silicon dioxide, which has a thermal 
coefficient of expansion equal to 5X1 Or* 7 C~ 1 . In addi- 
tion, CVD diamond has a three orders of magnitude 
higher thermal conductivity (18-20 W/cm K) than 
thermally grown Si0 2 . which has a low thermal con- 
ductivity (0.014 W/cm K). Furthermore, CVD dia- 
mond film has a dielectric constant between 3 and 6 
(depending on the process) and a low dielectric resis- 
tivity between 1X10 10 and 1X10 16 ohm cm (depend- 
ing on the process). It should be noted that insulation 
layer 30 could likewise comprise a diamond layer 
formed via plasma spray coating of diamond onto the 
top surface of substrate 28. 

Referring still to Fig. 1b, an oxide layer 26b is 
formed on the top surface of insulation layer 30. Ox- 
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ide layer 26b performs a dual function. First, oxide 
layer 26b provides a buffer layer for overcoming the 
roughness of the top surface of insulation layer 30. 
Secondly, oxide layer 26b is used for bonding with ox- 
ide layer 26a. so as to bond primary wafer 20 to sec- 
ondary handle wafer 22. In the preferred embodi- 
ment, insulation layer 30 comprises a diamond layer, 
whereby oxide layer 26b must be deposited onto the 
diamond layer instead of being thermally grown. 
Thermal oxidation of diamond film produces volatile 
material, resulting in the decomposition of the dia- 
mond film. Oxide layer 26b is also preferably com- 
prised of a similar material as oxide layer 26a, i.e., a 
silicon oxide. Still further, oxide layer 26b is preferably 
pryolytically deposited Si0 2 having an initial thick- 
ness greater than 0.1 u.m for overcoming the rough- 
ness of the diamond layer top surface. Oxide layer 
26b is then subsequently planarized, for example, 
through any suitable known process of chem.-mech. 
polishing, to a thickness less than 0.1 u/n. As a result, 
oxide layer 26b is relatively thin (i.e., < 0.1 urn or less 
than 20% in thickness) with respect to an insulation 
layer of Si0 2 having thickness of 0.5 um as used in 
the prior art 

Primary wafer 20 is then placed in contact with 
secondary handle wafer 22 such that oxide layers 
26a and 26b. are in intimate contact Wafers 20 and 
22 are then subjected to a heat treatment between 
900 and 1 1 00 °C for a period of time, for example two 
hours. As a result, the oxide layers 26a and 26b bond 
together, forming a single oxide layer 26 as shown in 
Fig. 2. The resultant single oxide layer 26 is still rela- 
tively thin, having a typical thickness in the range of 
25-100 nm. In the preferred embodiment, oxide layer 
26 comprises silicon dioxide and is approximately 500 
A in thickness. 

The wafer structure 10 as shown in Fig. 2 can be 
further processed by a conventional sequence of 
grinding, lapping, wet etching, and chem.-mech. pol- 
ishing to obtain wafer structure 10 as shown in Fig. 3. 
Grinding, lapping, wet etching, and chem.-mech. pol- 
ishing are ail well known in the art and further discus- 
sion thereof is not provided herein. Substrate 24 may 
be thinned to a desired thickness according to the re- 
quirements of a particular device. For instance, sub- 
strate 24 can be thinned to a thickness on the order 
of 2u.m. 

The resultant wafer structure 10 of Fig. 3 is thus 
suitable for the formation of semiconductor devices in 
the substrate 24. As described earlier, substrate 24 is 
preferably an original silicon substrate and is substan- 
tially free of lattice mismatch defects and other de- 
fects. Wafer structure 10 therefore provides a wafer 
structure having a buried insulation layer in combina- 
tion with a substrate in which lattice mismatch defects 
are minimized. Additionally, the thermal expansion 
coefficient of the buried insulation layer is substan- 
tially matched to the thermal expansion coefficient of 



the substrate which provides highly efficient transfer 
of heat away from active semiconductor device areas. 
The insulation layer also has a high thermal conduc- 
5 tivity. Still further, the presence of an insulation layer 
30 comprising diamond film, in addition to the thin ox- 
ide layer 26, minimizes undesirable capacitive ef- 
fects. 

In an alternate embodiment according to the 

10 present invention (as shown in Figs. 4, 5, and 6), a wa- 
fer structure 100 is substantially similar to the prefer- 
red embodiment with the following exceptions. A buf- 
fer layer 132, different from oxide layer 126b, is 
formed on a top surface of insulation layer 130 prior 

15 to the formation of oxide layer 126b. (see Fig. 4b). As 
previously noted, the surface of diamond film is rough 
and bumpy due the crystal structure of diamond. Buf- 
fer layer 132 is provided to overcome the roughness 
of the top surface of insulation layer 1 30 comprising 

20 diamond film. In particular, buffer layer 132 provides 
a relatively soft layer which can be planarized and 
which also facilitates oxide growth for subsequent 
bonding. Preferably, buffer layer 1 32 is a polycrystal- 
line layer, and more particularly, polysilicon. For poly- 

25 silicon formation, buffer layer 1 32 may be formed via 
a low pressure CVD at a temperature of 650°C. Plas- 
ma enhanced or photo enhanced CVD may also be 
employed for the formation of a polysilicon buffer lay- 
er 132. As noted previously, such CVD methods are 

30 well known in the art and therefore not discussed 
herein. Buffer layer 132 can likewise comprise an 
amorphous silicon. For amorphous silicon formation, 
buffer layer 132 may be formed via a low pressure 
CVD at a low temperature of 550°C, or other suitable 

35 method known in the art. Still further, buffer layer can 
alternatively comprise a poly-germanium layer. 

As indicated above, buffer layer 132 provides a 
relatively soft layer. Buffer layer 132 essentially rep- 
licates the diamond surface and has an initial thick- 

40 ness greater than 0.1 um to overcome the roughness 
of the diamond insulation layer surface. Buffer layer 
132 is then planarized through chem.-mech. polish- 
ing to a desired thickness. In the alternate embodi- 
ment, the planarized thickness of buffer layer 132 is 

45 in the range of 0.250 um to 0.1 um. 

Subsequent to the formation of buffer layer 132, 
a thin oxide layer 126b. is formed on a top surface 
thereof. Oxide layer 126b. has a thickness in the 
range of approximately 1-50 nm. Preferably, oxide 

so layer 126b. comprises a silicon oxide layer, such as 
Si0 2 , of 25 nm in thickness and is thermally grown in 
an oxygen ambient at approximately 800 °C. Alterna- 
tively, oxide layer 126b. may be pryolytically deposit- 
ed upon buffer layer 1 32. 

55 The alternate embodiment bonded wafer struc- 

ture 1 00 thus comprises a first primary wafer 1 20 and 
a secondary handle wafer 122. Primary wafer 120 
comprises a substrate 124 having a thin oxide layer 
126a. formed on a bottom surface thereof. Second- 
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ary handle wafer 122 comprises a substrate 128 hav- 
ing an insulation layer 130 formed on a top surface 
thereof, wherein, insulation layer 130 preferably is a 
chemical vapor deposited (CVD) diamond layer hav- 5 
ing a thickness of 0.5um. Buffer layer 132 is formed 
on the top surface of insulation layer 130 and, subse- 
quently, thin oxide layer 126b. is formed on the top 
surface of buffer layer 132. Primary wafer 120 is 
bonded to secondary handle wafer 122 via a heat 10 
treatment, as discussed previously, such that oxide 
layers 126a. and 126b. bond forming a single oxide 
layer 126. Oxide layer 126 is relatively thin, having a 
thickness in the range of 25-100 nm in comparison to 
an oxide layer having a thickness of 500 nm. Prefer- 15 
ably, oxide layer 126 comprises silicon dioxide and is 
approximately 50 nm in thickness. 

The wafer structure 100 as shown in Fig. 5 can 
be further processed by a conventional sequence of 
grinding, lapping.wet etching, and chem.-mech. pol- 20 
ishing to obtain wafer structure 100 as shown in Fig. 
6. As noted earlier, grinding, lapping, wet etching and 
chem.-mech. polishing are ail well known in the art 
and further discussion thereof is not provided herein. 
Substrate 124 may be thinned to a desired thickness 25 
according to the requirements of a particular device. 
For instance, substrate 124 can be thinned to a thick- 
ness on the order of 2u.m. 

The resultant wafer structure 1 00 of Fig. 6 is thus 
suitable for t he formation of semiconductor devices in 30 
the substrate 124. Substrate 124 preferably compris- 
es an original silicon substrate which is substantially 
free of lattice mismatch defects and other defects. 
Thus, wafer structure 100 provides a wafer structure 
having a buried insulation layer in combination with a 35 
substrate in which lattice mismatch defects are mini- 
mized. Additionally, the thermal expansion coeffi- 
cient of the buried insulation layer is substantially 
matched to the thermal expansion coefficient of the 
substrate which provides highly efficient transfer of 40 
heat away from active semiconductor device areas. 
Still further, the presence of the insulation layer 130 
comprising diamond film, in addition to the buffer lay- 
er 132 and thin oxide layer 126, minimizes undesir- 
able capacitive effects. 45 

In yet anot her alternate embodiment according to 
the invention, wafer structure 10 is well suited for the 
formation of isolation trenches (Figs. 7 and 8). In par- 
ticular, wafer structure 10 provides a reactive ion etch 
(RIE) stop layer comprising oxide layer 26. Oxide lay- 50 
er 26 further provides protection to the underlying in- 
sulation layer 30. Forming of an isolation trench hav- 
ing thermally oxidized trench sidewalls would cause 
problems if formed directly in a diamond insulation 
layer. The procedure according to the yet another al- 55 
ternate embodiment of the present invention circum- 
vents the oxidation of the diamond film insulation lay- 
er, which occurs above 700 °C. RIE is well known in 
the art and therefore only briefly discussed herein. 



Referring now to Fig. 7, there is shown wafer 
structure 10 which is formed by using the method de- 
scribed with respect to Figs. 1-3 and in which a first 
step RIE etch of the isolation trench formation has 
been completed. The top surface of substrate 24, af- 
ter being thinned to a desired thickness as previously 
discussed, is oxidized and then deposited with a layer 
of nitride, using standard techniques, to form compo- 
site film 34. This composite film 34 is used as a trench 
masking layer. Trench patterning is then carried out 
using a conventional lithographic process to define 
trench locations 36 and 38 via a patterned photoresist 
film (not shown). The film layer 34 is then opened by 
carbontetrafluoride (CF 4 ) plasma etching. After etch- 
ing, the photoresist film is stripped. A HBr/CI 2 plasma 
is then used to etch the substrate 24 and stop at the 
buried oxide layer 26. Sidewalls 40 comprising 40a. 
and 40b. are then formed. Formation of trench side- 
walls 40a. can be accomplished via thermal oxida- 
tion. A combination of thermal oxidation and CVD 
Si0 2 deposition and etch can be used to form sidewall 
spacer 40b. Thus, first step preliminary trenches 36 
and 38, as shown in Fig. 7, are formed. 

A second step trench RIE etch of the isolation 
trench formation is then performed for cutting 
through oxide layer 26, the insulation layer 30, and 
500-1000 nm below the insulation layer 30 as shown 
in Fig. 8. That is, the second step etch comprises 
etching oxide layer 26 using top nitride mask layer 34 
as a mask. A selective etch of oxide to nitride must be 
used. This etch is well known in the art and is not de- 
scribed herein. Then, insulation layer 30 is opened us- 
ing an 02/Ar plasma. This process has infinitive etch 
selectivity to oxide, nitride and silicon and is also well 
known in the art. Finally, a HBr/CI 2 plasma is used 
again to overetch into the silicon substrate 28 of han- 
dle wafer 22 about 10% of the total trench depth. 

Upon completion of the second step RIE etch, 
trenches 36 and 38 is preferably coated with a thin 
CVD SiOa coating 42 and subsequently filled using 
borophosphosilicate doped glass (BPSG), borosili- 
cate doped glass (BSG), or polysilicon, as a trench fill 
44. Only non-oxidative ambients are used during the 
fill process, since an oxidative ambient would attack 
the diamond insulation layer. CVD deposition of the 
trench fill 44 is then performed such that the fill is 
closed at the top of each trench when completed. Any 
voids or crevices created during trench filling can be 
eliminated by subsequently reflowing the trench fill 
glass between 900 to 1000 °C for approximately 30 
minutes in nitrogen. This results in filled trenches 36 
and 38 as shown in Fig. 9. The structure 10 may then 
be planarized to a desired thickness in preparation for 
subsequent device fabrication (Fig. 10). 

Other methods of completing the isolation 
trenches 36 and 38, subsequent to the secondary 
trench etch, may be employed. For instance, the 
method for forming a void free isolation pattern, as 
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described in US-A-4526631 and 4689656, incorporat- 
ed herein by reference, may be used. ( 

The advantage of the above described two step 
RIE process in conjunction with the wafer structure 5 
10 of the present invention is the formation of a 
"good" oxide near both device junctions at the surfac- 
es of layer 24. i.e., at the interface of silicon 24 and 
oxide 26. The two step RIE process further provides 
for a non-oxidizing process for forming a CVD oxide 1 o 
on the buried insulation layer 30, i.e., the buried CVD 
^ diamond film. 

The above two step RIE process, as described 
with respect to wafer structure 10. is similarly appli- 
cable to wafer structure 100, with the following differ- 15 
ences. Wafer structure 1 00, as formed by the method 
described with respect to Figures 4-6, is processed 
via a second step RIE etch which also cuts through 
buffer layer 132. In particular, the second step etch 
for structure 100 comprises etching oxide layer 126 20 
using a top nitride mask layer, similar to that descri- 
bed with respect to structure 10, as a mask. A selec- 
tive etch of oxide to nitride must be used. Polysilicon 
buffer layer 132 is then etched in a HBr/CI 2 plasma. 
Then, diamond insulation layer 130 is opened using 25 
an 0 2 /Ar plasma. Finally, a HBr/CI 2 plasma is used to 
overetch into silicon substrate 128 of handle wafer 
122 about 10% of the total trench depth. Since the 
polysilicon buffer layer 132 is a semiconductive film, 
the trench must etch to cut through this layer in order 30 
to form a well-isolated structure. 

Thus it has been shown that in order to reduce • 
the heat build-up of ECL circuits on SOI structures, 
the thick thermal Si0 2 oxide layer (500 nm) posi- 
tioned between the two silicon wafers of prior art wa- 35 
fer structures is replaced by a (5000 nm) CVD dia- 
mond layer. Such a CVD diamond layer has a three 
orders of magnitude higher thermal conductivity (18- 
20 W/cm K) than thermally grown SI0 2 . The CVD di- 
amond film further has a dielectric constant between 40 
3 and 6 (depending on process) and a low dielectric 
resistivity between 1X10 10 and 1X10 16 ohm cm (de- 
pending on process). Still further, the diamond film 
has a better match of the thermal expansion coeffi- 
cient (18X10- 7 C- 1 ) with silicon (32X10- 7 C~ 1 ) than 45 
Si0 2 (5X10- 7 C- 1 ). Lastly, the wafer structure of the 
present invention provides a well suited structure for 
isolation trench formation. 



Claims 

1. A wafer structure upon which semiconductor de- 
vices may subsequently be formed, said struc- 
ture comprising: 55 
a) a first wafer comprising a first substrate 
having a first thin oxide layer formed on a bot- 
tom surface of the first substrate, the first 
substrate further having a characteristic ther- 



mal expansion coefficient; and 
b) a second wafer comprising a second sub- 
strate having an insulation layer deposited on 
a top surface of the second substrate, the in- 
sulation layer having a characteristic thermal 
expansion coefficient substantially matched 
with the characteristic thermal expansion 
coefficient of the first substrate of said first 
wafer, the insulation layer further having high 
thermal conductivity, said second wafer fur- 
ther having a second thin oxide layer formed 
on a top surface of the insulation layer, the 
second thin oxide layer further being plana- 
rized to a desired thickness, 
wherein the first thin oxide layer of said first wafer 
is bonded to the second thin oxide layer of said 
second wafer. 

2. The wafer structure of claim 1 wherein said sec- 
ond wafer comprises: 

a second substrate having (f) an insulation layer 
deposited on a top surface of the second sub- 
strate, the insulation layer having a characteristic 
thermal expansion coefficient substantially 
matched with the characteristic thermal expan- 
sion coefficient of the first substrate of said first 
wafer, the insulation layer further having a high 
thermal conductivity, (ii) a buffer layer formed on 
a top surface of the insulation layer, the buffer 
layerfurther being planarized to a predetermined 
thickness, and (iii) a second thin oxide layer 
formed on a top surface of the buffer layer. 

3. A wafer structure according to claim 1 , wherein: 
the first thin oxide layer of said first wafer com- 
prises a thickness less than 0.05um; 

the insulation layer of said second wafer compris- 
es a thickness less than 1.0u,m; and 
the second thin oxide layer of said second wafer 
comprises a thickness less than O.OSjim. 

4. The wafer structure of claim 1 . 2 or 3, wherein the 
substrate of said first wafer comprises a substrate 
thinned down to a predetermined thickness. 

5. The wafer structure of claim 1 , 2 or 3, wherein the 
first substrate of said first wafer comprises a sili- 
con substrate. 

6. The wafer structure of claim 1 , 2 or 3, wherein the 
insulation layer of said second wafer comprises a 
diamond layer. 

7. The wafer structure of claim 6, wherein the dia- 
mond layer comprises a CVD diamond film layer. 

8. The wafer structure of daim 3, wherein the first 
thin oxide layer of said first wafer and the second 
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9. 



thin oxide layer of said second wafer comprise sil- 
icon oxide layers. 

The wafer structure of claim 2, wherein the buffer 
layer of said second wafer comprises a polycrys- 
taliine layer. 



10. The wafer structure of claim 9, wherein the poly- 
crystalline layer comprises polysilicon. 

11. The wafer structure of claim 11, wherein the buf- 
fer layer of said second wafer comprises amor- 
phous silicon. 

12. The wafer structure of claim 2, wherein the first 
thin oxide layer of said first wafer and the second 
thin oxide layer of said second wafer comprise sil- 
icon oxide. 

13. A wafer structure according to claim 2, wherein: 
the first thin oxide layer of said first wafer com- 
prises a thickness less than 0.05|im; 
the insulation layer of said second wafer compris- 
es a thickness less than 1.0u.m; 
the buffer layer of said second wafer comprises 
a thickness less than 0.1 jim; and 
the second thin oxide layer of said second wafer 
comprises a thickness less than 0.05u.m. 

14. A method of producing a wafer structure upon 
which semiconductor devices may subsequently 
be formed, said method comprising the steps of: 

a) forming a first thin oxide layer on a bottom 
surface of a first substrate, the first substrate 
having a characteristic thermal expansion 
coefficient; 

b) depositing an insulation layer on a top sur- 
face of a second substrate, the insulation lay- 
er having a characteristic thermal expansion 
coefficient substantially matched with the 
characteristic thermal expansion coefficient 
of the first substrate, 

c) forming a second thin oxide layer on a top 
surface of the insulation layer and planarizing 
the second thin oxide layer to a predeter- 
mined thickness; and 

d) bonding the first thin oxide layer to the sec- 
ond thin oxide layer. 

15. The method of claim 14 wherein said insulation 
layer further has a high thermal conductivity. 

16. The method of claim 14or15 wherein stepc)con- 
sists of: 55 

d) forming a buffer layer on a top surface of 
the insulation layer and planarizing the buffer 
layer to a desired thickness; and, 
c2) forming a second thin oxide layer on a top 



surface of the buffer layer. 

17. The method of claim 14, 15 or 16, further conv 
5 prising the step of: 

e) thinning the first substrate of said first 
wafer down to a desired thickness. 

18. The method of claim 14, 15 or 16, wherein said 
10 step of forming a first thin oxide layer on a first 

substrate comprises forming the first thin oxide 
layer on a silicon substrate. 

19. The method of claim 14, 15 or 16, wherein said 
is step of depositing an insulation layer comprises 

depositing diamond. 

20. The method daim 19, wherein depositing dia- 
mond comprises depositing CVD diamond. 

21. The method of claim 14 or 15, wherein: 
said step of forming a first thin oxide layer com- 
prises forming silicon oxide; and 
said step of forming a second thin oxide layer 
comprises forming silicon oxide. 
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22. The method of daim 14 or 15, further wherein: 
said step of forming a first thin oxide layer com- 
prises forming a first thin oxide layer of a thick- 
ness less than 0.05fim; 

said step of depositing an insulation layer com- 
prises depositing an insulation layer of a thick- 
ness less than 1.0>m; and 
said step of forming a second thin oxide layer 
comprises forming a second thin oxide layer of a 
thickness less than 0.05um. 

23. The method of to claim 16, wherein said step of 
forming a buffer layer comprises depositing a 
polycrystalline layer. 

24. The method of to claim 23, wherein depositing 
the polycrystalline layer comprises depositing 
polysilicon. 

25. The method of claim 16, wherein said step of 
forming a buffer layer comprises depositing 
amorphous silicon. 



so 26. The method of claim 16, wherein: 

said step of forming a first thin oxide layer com- 
prises forming silicon oxide; and 
said step of forming a second thin oxide layer 
comprises forming silicon oxide. 



27. The method of claim 16, further wherein: 

said step of forming a first thin oxide layer com- 
prises forming a first thin oxide layer of a thick- 
ness less than 0.05jim; 
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said step of depositing an insulation layer com- 
prises depositing an insulation layer of a thick- 
ness less than 1.0pm; 

said step of forming a buffer layer comprises s 
forming a buffer layer of a thickness less than 
0.1um; and 

said step of forming a second thin oxide layer 
comprises forming a second thin oxide layer of a 
thickness less than 0.05um. 10 
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(57) A wafer structure and a method of making the 
same, upon which semiconductor devices may be 
formed, comprises first and second wafers. The first wa- 
fer (20) comprises a first substrate (24) having a thin 
oxide layer (26a) formed on a bottom surface thereof; 
the said first substrate having a characteristic thermal 
expansion coefficient. The second wafer (22) comprises 
a second substrate (28) having an insulation layer (30) 
formed on a top surface thereof, the insulation layer hav- 



ing a characteristic thermal expansion coefficient sub- 
stantially matched with the characteristic thermal ex- 
pansion coefficient of the first substrate and further hav- 
ing a high thermal conductivity. The second wafer fur- 
ther comprises a thin oxide layer (26b) formed on a top 
surface of the insulation layer, wherein the first thin oxide 
layer of the first wafer is bonded to the second thin oxide 
layer of the second wafer, to form a typical bonded wafer 
structure (10) that can be advantageously used in the 
fabrication of high speed high density integrated circuits. 
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